New B-and V-band monitoring in 2014 -2015 reveals that the Seyfert 1 Galaxy, 3C 120, has brightened by a magnitude of 1.4, compared to our campaign that took place in 2009 -2010. This allowed us to check for the debated luminosity and time-dependent color variations claimed for SDSS quasars. For our 3C 120 data, we find that the B/V flux ratio of the variable component in the bright epoch is indistinguishable from the faint one. We do not find any color variability on different timescales ranging from about 1 to 1800 days. We suggest that the luminosity and time-dependent color variability is an artifact caused by analyzing the data in magnitudes instead of fluxes. The flux variation gradients of both epochs yield consistent estimates of the host galaxy contribution to our 7 ′′ . 5 aperture. These results confirm that the optical flux variation gradient method works well for Seyfert galaxies.
Introduction
The UV to optical color ratio of the total AGN, measured in magnitude units, becomes bluer as the AGN brightens (e.g. Meusinger et al. 2011) . Some studies attribute this change in color to the spectral hardening of the variable component (Giveon et al. 1999; Wilhite et al. 2005; Wamsteker et al. 1990; Webb & Malkan 2000) . However, there is ample evidence to suggest that the color of the variable component stays constant and that the corresponding flux variation gradient is offset from the origin of the flux-flux diagram (Choloniewski 1981; Winkler et al. 1992; Winkler 1997; Paltani & Walter 1996; Sakata et al. 2010) . In this case, the 'bluer when brighter' total observed fluxes, which are measured in a finite aperture, are explained by the superimposition of a constant red host galaxy (including non-varying emission lines) and a varying blue AGN. Even if the measured host contribution is small, compared to the required offset of the flux variation gradient (FVG), there is no significant curvature seen in the flux-flux diagrams (Sakata et al. 2011) .
The constancy of the optical colors of the variable component is physically plausible if the variable emission has a hot thermal origin, as expected for an accretion disk (AD). In this case, fluxes in the optical range lie on the Rayleigh-Jeans tail, and they scale almost linearly with temperature.
Recently, Sun et al. (2014) report time-dependent g/r color variability of the SDSS Stripe 82 quasar sample. A blue color at variations inside <30 days (with smaller amplitudes) gradually changes to redder colors on larger timescales >1000 days (and larger amplitudes). Furthermore, Sun et al. (2014) claim that the FVG method lacks rigor and is, therefore, not valid. Consequently, one also expects to find similar behavior for Seyfert galaxies, the less luminous siblings of quasars.
Using data from 2009 -2010 , Pozo Nuñez et al. (2012 performed B-,V-band monitoring of the Seyfert 1 Galaxy 3C 120 including dense daily observations over a period of five months.
Here we report new B-,V-band results from a six-month monitoring project in 2014 and 2015. The total brightening (by about 1.4 mag) and the dense time-sampling of observations allow us to check whether or not brightness and time-dependent color variations are present.
Observations and data reduction
The new photometric data at Johnson B and V was observed between 27 August 2014 and 3 March 2015 at the Universitätssternwarte Bochum, near Cerro Armazones. We combined the RoBoTT telescope data (Pozo Nuñez et al. 2012) with new data from the BEST II (Kabath et al. 2009 ).
All data has been corrected for the latest revision of galactic foreground extinction 1 by Schlafly & Finkbeiner (2011) and the corresponding lightcurves are displayed in Figs.1 and 2.
Results

Flux-flux diagrams
Total B-versus V-band fluxes for the two epochs are shown in Fig. 3 , with one that had low luminosity in 2009-2010 and one that had high luminosity in 2014-2015. Between the two epochs, the AGN luminosity increased by a magnitude of about 1.4 in both filters. The slope of AGN variability is well matched by a linear relation with Γ BV = 0.979 ± 0.005.
We consider the host colors of 3C 120 by Sakata et al. (2010) in a 8 ′′ . 3 aperture, corrected for galactic foreground extinction (Schlafly & Finkbeiner 2011) . Assuming that these will be similar when looked at in our 7 ′′ . 5 aperture, this allows us to compute our own host fluxes by measuring the center of gravity of the area that is encased by the cone of AGN slope Γ BV -fitting uncertainties and Sakata's host color Γ BV,Host (inside the red circle of (Table 1) agree well with the values of Sakata. We also fit the slopes of the individual epochs of 2009-2010 and 2014-2014 separately. For both epochs the slope is slightly flatter than the combined one, but they agree within the errors.
The offset of the combined slope (2009 − 2015) to the individual epoch slopes could imply that the short-term variability is redder than the long-term one. A more likely physical explanation, however, is based on the systematically different instrumental point spread functions (PSF). The PSF of the RoBoTT is slightly larger than that of the BEST II. The host also has a different spatial flux distribution at B and V. This leads to a larger host galaxy contribution in the 2009 − 2010 light curves, and the host galaxy contribution is larger in V than in B. In the net effect, compared to the 2014 − 2015 data, the 2009 − 2010 data appear slightly shifted in the FVG diagram toward the right, resulting in a marginally steeper overall Γ BV . We believe that these neg- Fig. 3 . B versus V flux variations of 3C 120 in the 7 ′′ . 5 aperture. Each measurement is drawn as a thin cross in which the line length corresponds to the photometric uncertainties in the respective filters. The yellow filled area is the assumed host color Γ BV,Host , drawn to cover B = (1.70 ± 0.27) mJy and V = (4.01 ± 0.62) mJy host fluxes, as determined by Sakata et al. (2010) in an 8 ′′ . 3 aperture. Our host flux estimate is the datapoint in the red circle. All data from 2009 until 2015 was used to determine the AGN slope. The black continuous line covers the upper and lower standard deviations in the AGN slope, given by the OLS bisector fit. Table 1 . Results of the FVG analysis, separated into epochs and filter sets B and V. All fluxes in mJy are corrected for galactic foreground extinction as determined by Schlafly & Finkbeiner (2011) . The host fluxes may also contain contributions from non-variable, narrow and broad emission lines. ligible effects do not alter the basic results and conclusions on the stability of the FVG method because for all three data sets (2009 − 2010, 2014 − 2015, and 2009 − 2015) the host galaxy contribution is in excellent agreement within the errors. In Bband we measure a minimum f B,AGN = 3.59 mJy and a maximum of f B,AGN = 12.69 mJy. Correspondingly, the increase in V ranges from a minimum of f V,AGN = 3.57 mJy to a maximum of f V,AGN = 12.76 mJy.
Search for timescale-dependent AGN colors
The aim of this section is to investigate potential, timescaledependent variability that has recently been observed by Sun et al. (2014) • to 90
• , would bias the slope towards 0
• if the photometric errors are large compared to the true change of flux. ensemble color variability of their quasars was not constant for all observed redshifts, showing rather blue slopes on short timescales of < 30 days that turn to redder slopes on longer timescales.
Here we improve their approach in some aspects. Instead of using magnitudes, we make use of fluxes f ν directly. As pointed out by Kokubo et al. (2014) and references therein, fitting a straight line in magnitude-magnitude space (e.g. Sun et al. 2014 ) relies heavily on the contamination of the baseline flux by host galaxies and emission lines. 
Like Sun et al. (2014) , we restrict ourselves to the range of slopes −45
• . The slopes on the other half circle represent flux decreases and are rotated by 180
• to their equivalent slopes for a flux increase. The offset of 45
• is chosen to equally weigh cases of both bluer (i) when brighter (45
, and (ii) redder, when brighter (−45
, slopes in the averaging process. The angle of 45
• represents no color change. Our photometric measurements in all observed epochs offer Θ BV i j for many combinations of t i and t j , with the lowest sampling interval of τ = 1 day. It is useful to average all Θ BV i j inside bins with this size. The average of these bins is described by
The results of this approach for the B-and V-band fluxes are shown in Fig. 5 , together with the structure function S (τ), as defined by Equation 3. The latter is an indicator of the strength of the variability on a specific time scale τ. The black solid lines enclose the average photometric uncertainty of each τ bin.
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Analyzing photometric fluxes with large uncertainties σ i , σ j , compared to the difference in fluxes with
can cause a bias on Θ i j . We assume a case of flux that is constant except for noise that is described by different photometric uncertainties for B-and V-band with σ f B >> σ f V . Then, referring to the sketch in Fig. 4 , we have ∆ f B >> ∆ f v for samples of measurements drawn from these distributions. As a result, we obtain Θ(τ) ≈ 90
• . The structure function S (τ) for the short timescales in Fig. 5 shows that for τ < 20 days the variations are still on the order of typical photometric errors. As a consequence, the distribution of Θ BV i j is very broad in this region. The shape of the structure function is very similar for both bands with a slightly larger variation in amplitudes around 60 days for the V-band. For comparison purposes, we plot the previous linear fit result of Γ BV = 0.979 as solid red line. In this early epoch, the majority of slopes Θ BV (τ) is about 3
• higher than the linear approximation but with only low significance and large scatter. From 20 to 90 days, the scatter decreases and the average cannot be distinguished from the linear fit. A potential contribution of ∼ 5% Hβ at 25 days (Pozo Nuñez et al. 2012 ) may introduce additional flux to the V-band and shifts the slope downward in this region. However, there is no significant trace of this effect. After 90 days, the number of data points in the τ bins decreases naturally, causing larger scatter and a minimally lower average slope of 42
• . In summary, the plot reveals no clear difference in Θ BV on timescales τ within a single observation epoch of 3C 120.
In Figure 6 , we restrict the plot to 1640 < τ < 1960, so that all Θ • to 45
• for the considered range of τ. This is, however, consistent with a potential host flux offset between the two epochs that originates from different PSFs as explained in Section 3.1.
Discussion and conclusions
Our results show a highly linear evolution of B versus V fluxes for 3C 120 on all timescales -from days to several years. Additionally, the color is highly constant, despite the AGN undergoing a strong increase of 1.4 mag in flux over a duration of five years.
Calculating their time dependent colors θ(τ) in magnitudemagnitude space, Sun et al. (2014) report a significant change of color for g-and r-band data of a large SDSS quasar sample. The colors change from short timescale (small amplitude) blue colors to long timescale (large amplitude) red colors. Considering a total observed flux f (t) = f Host + f AGN (t), composed of constant host galaxy component and variable AGN, the difference in magnitude space is
This means that a constant host causes a reduction in the observed magnitude difference. Because the host galaxy SED is red, compared to that of the AGN, the magnitude difference will be reduced more for the red ∆m r (τ) compared to the blue ∆m g (τ) and therefore θ(τ) = arctan(∆m r (τ)/∆m g (τ)) turns to artificially blue colors. Since the structure function of the SDSS quasars rises towards long timescales (Sun et al. 2014) , we simultaneously observe large amplitudes of flux variations. Because the host galaxy contribution is reduced in such cases, θ(τ) will be of a redder color. In our flux-flux approach, however, this issue is completely avoided. Therefore, we suggest that the luminosity and time-dependent color variability observed by Sun et al. is an artifact of data analysis in magnitudes instead of fluxes.
The intrinsic brightness change of any astronomical object may be caused by a change in the area and/or the temperature T of the emitting surface. While an increase in area would simply cause a constant color, the temperature change always has a degree of curvature. Only in the Rayleigh-Jeans approximation is the flux again proportional to the temperature T . Using the blue side λ of the Johnson B-band in h c < λ k B T , the temperature T must be higher than 36,000 K, because it is at the lower end of typical effective AD temperatures. The existence of a linear relationship between two (optical) fluxes shows that the variable component is hot enough to be approximated by Rayleigh Jeans.
Another mechanism for a brightness change is variable extinction. In this case, the extinction law influences the color of the varying component, with the bluer band usually more affected than the red band. As a result, extinction can provide a different color slope than a temperature fluctuation in the AD. However, extinction variations resulting from dust clouds that move into the line of sight are random events and should occur with diverse amplitude and timescales. Because they are independent of the variations in the AD with different its color, nonlinear behavior of the total fluxes should then be observed in individual objects. Averaging a large sample of AGN flux variations, such random disturbances of the slope in the flux-flux diagrams will be washed out.
Our results are consistent with variations that stem from temperature changes in the AD, where the B-and V-bands are placed in the Rayleigh-Jeans tail of the thermal emission. There is no evidence for a short timescale, bluer color variation that may be caused by variable extinction in the line of sight.
In summary, our finding makes a good case for the use of the rest-frame optical FVG method on different timescales of low luminosity AGN. To further confirm this result, more longterm observations of varying Seyferts (and also quasars) with high photometric precision and dense (daily) temporal sampling will be required. 
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